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Abstract
Background: Microsatellite Primed-PCR (MP-PCR) and Universally Primed-PCR (UP-PCR) based genomic ﬁngerprinting techniques are considered important methods that rely on speciﬁcally targeted primers. These techniques,
which analyse the whole genome, have been shown to be relatively robust and discriminatory.
Objectives: This study was designed to investigate and characterize the molecular variation among different Cladosporium strains collected at different times and sites in Cairo, Egypt by using two different ﬁngerprinting methods,
Microsatellite primed-PCR (MP- PCR) And Universally primed- PCR (UP- PCR).
Method: The Cladosporium isolates were isolated from air of Cairo by settle plate method. The samples were then
puriﬁed and identiﬁed by using culture based techniques and microscopical methods, with the aid of biochemical reactions. Then conﬁrmed in the regional center for mycology and biotechnology (RCMB). Molecular ﬁngerprinting, and
genetic similarities among Cladosporium strains populations depending on microsatellites-polymerase chain reaction
(MP-PCR). Primers used are (AGG)5, (CAG)5, (GACA)4, and (AG)8C. In addition, we have applied the Universally
Primed PCR (UP-PCR) technique using two primers L21 and Fok1.
Results: Genotyping patterns extracted by MP-PCR showed good discrimination with ampliﬁcation of (AGG)5, (AG)8C
and (CAG)5 over (GACA)4. In addition, by using UP-PCR technique L21 primer revealed accepted wide variability
among Cladosporium strains over than that of FOK1 primer.
Conclusion: The current work indicate that the MP-PCR and UP-PCR ﬁngerprinting method are appropriate for the
characterization of large groups of Cladosporium strains due to its simplicity and good reproducibility.
Keywords: Molecular characterization, Cladosporium, Microsatellite-PCR (MP-PCR) and Universally Primed-PCR (UP-PCR)

1. Introduction

M

icrosatellites are highly polymorphic nucleotide sequence allowing precise discrimination
even of closely related individuals, they can be
efﬁciently analysed by a rapid and simple PCR
assay, furthermore, microsatellite markers are
transportable across pedigrees, populations, and

frequently across genetically related species of the
same genus [6]. Microsatellites, also known as short
tandem repeats, (STRs) [33], and Simple Sequence
Repeats (SSRs), are tandem repeats of a simple
dinucleotide, tri nucleotide, tetra nucleotide, pent
nucleotide, or hex nucleotide sequence (two to six
bases) that occur abundantly and at random
throughout most eukaryotic genomes (roughly one
microsatellite every 10 kb). They are typically short
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and embedded within unique sequence, thus being
ideal for designing ﬂanking primers for in vitro
ampliﬁcation by the polymerase chain reaction
(PCR) [35]. Microsatellite markers detect a high level
of polymorphism in plant, fungal and animal genomes, because the number of repeat motifs in the
array may vary signiﬁcantly between different genotypes [19]. The high degree of polymorphism, as a
result of variation in the number of repeat units, and
the stability displayed by microsatellites make them
perfect markers for use in constructing high-resolution genetic maps to identify susceptibility loci
involved in common genetic diseases. A microsatellite is analogous to a bookmark; it highlights a
particular position in the genome and it is for this
reason that their use has become so widespread [21].
They can be used for generating attractive molecular markers that can show codominant inheritance,
multi-allelism [22] and random distribution
throughout some genomes [4]. Universally primed
PCR (UP-PCR) is a PCR ﬁngerprinting method
similar to the well-known RAPD technique in that it
is possible to amplify DNA from any fungi without
previous knowledge of DNA sequences and to
generate multibanding proﬁles (ﬁngerprints)
following gel electrophoresis. Some of the advantages of UP-PCR are the use of relatively high
annealing temperatures, fast ramping and relatively
long primers, features that seem to enhance the
reproducibility which many have found to be
problematic with RAPDs [25]. Other advantages are
the resulting banding proﬁles which consist of
higher numbers of bands than most RAPDs, facilitating identiﬁcation of speciﬁc markers, and at the
same time showing species conservative bands [12].
A variant of the UP-PCR technique is UP-PCR
product cross hybridization assay that facilitates
investigation of sequence similarity (homology) of
UP-PCR products. This allows grouping of strains
into UP-PCR hybridization groups which we use to
separate the strains into genetic entities featured by
high genetic similarity (DNA homology) [8]. The
aim of this study to Exploration of genetic variation
between various Cladosporium strains isolated
through this investigation using DNA target such as
Universally Primed PCR and microsatellite PCR.

2. Materials and methods
2.1. Collection of Cladosporium specimens
Fungal colonies were collected from 13 different
studied sites, from air in Cairo city at 5 distinct
geographical directions during all climate seasons

(summer, spring, autumn and winter) from June
2017 to May 2019, by using settle plate method [5,34].
2.2. Culture media used in the current study
In the current study, multiple culture media are
used for collection, isolation, puriﬁcation and
preservation of Cladosporium species including,
Dichloran glycerol agar DGA (MERCK) Sabouraud
Dextrose Agar (SDA) (Oxoid), Malt Extract Agar
(MEA) (MERCK), Potato Dextrose Agar (PDA)
(Oxoid-USA) or Czapek Dox Agar (CDA) (MERCK),
were prepared according to the supplier's instructions at pH 6.8 and supplemented with 100 mg
streptomycin and 50 mg Chloramphenicol. Culture
media are incubated at 30 for 7e14 days and
examined after 4 days [23].
2.3. Identiﬁcation of Cladosporium species
Cladosporium isolates were identiﬁed based on
macroscopic and microscopic properties according
to Ref. [11]; and biochemical reactions according to
Ref. [32] and the identiﬁcation was conﬁrmed at the
Regional Center of Mycology and Biotechnology
(RCMB), Al-Azhar University.
2.4. Puriﬁcation and preservation of Cladosporium
species
The puriﬁcation procedure of the fungal isolate
under investigation was carried out by the agar
streak plate method. All expected colonies of Cladosporium forms on the growth medium were picked
up and re-streaked onto the agar surface of plates
containing the same medium. At the end of incubation period, only the growth which appeared as a
single separate colony was picked up and restreaked again for several consecutive times onto
the surface of agar plate of the isolation medium to
ensure its purity which was checked up microscopically and morphologically. Pure colony of
Cladosporium isolates only were sub-cultured and
stored on slants of Malt Extract Agar (MEA) and
Potato Dextrose Agar (PDA) media at 5  C and kept
for further investigation. Pure cultures are stored in
refrigerator at 4 OC and sub-cultured periodically
each 3 months [18]. Microsatellite-Polymerase
Chain Reaction (MP-PCR) and universally primed
PCR (UP-PCR) technique was performed using 30
fungal isolates selected on the basis of their
biotechnological value and biodiversity at different
regions during various seasons and geographical
distribution.
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2.5. Preparation of Cladosporium DNA
Cladosporium DNA used in the Microsatellite-PCR
procedure was extracted from 7 days-old cultures of
the Cladosporium isolates grown in malt extract
broth at 30  C. Mycelia were harvested by ﬁltration
through two layers of cheesecloth and washed with
sterile distilled water. Samples were frozen and
ground to ﬁne powder using mortar and pestle.
DNA was extracted using fungal DNA extraction kit
(PrepSEQ, Thermo-Scientiﬁc, USA) according to
developer instructions as follow: Extraction Buffer
was warmed to 65  C at water bath. 50 mg of the
grounded mycelia were transferred to 2 ml microtube. This microtube contains 400 ml warmed
extraction buffer and 6 ml RNAse A. The microtube
was incubated at 65  C for 10 minutes. The microtube was gently shaken every 5 minutes intervals.
After that, 130 ml from sodium acetate solution was
added and the microtube was incubated at 20  C
for 10 minute. The lysate was centrifuged at 10,000 g
at 4  C for 15 min. The upper aqueous phase was
decanted into fresh centrifuge tubes. An equal volume of isopropanol was added, the microtube was
stored at room temperature for 7 minutes and then
spun at 6000 rpm for 2 min at 4  C. The DNA pellet
was washed two times with 70% Ethanol (700 ml) and
centrifuged at 8000 “g” for 1 minute, vacuum dried
and dissolved in 100 ml of warmed TE buffer. DNA
concentration and purity was checked on an 1.5%
agarose containing 0.05 mg ml1 ethidium bromide,
using (5 ml of each sample+3 ml gel loading dye + 3 ml
ultrapure water), 10 ml was loaded at each well,
5e6 ml of DNA marker 100 bp was run. Photograph
were taken after 30 minute. Finally, extracted DNA
was stored at 20  C [15,37].
2.6. Microsatellite-PCR (MP-PCR) conditions
Microsatellite-PCR was conducted in a 25-ml reaction volume. 3 ml of DNA template was added to a
7 ml Master mix of thermostable DNA polymerase,
Jena Bioscience GmbH, Cat.-No.PCR-101S. Taq
Master/high yield contains all reagents required for
PCR (except template and primer) in a premixed 5x
concentrated ready-to-use solution for PCR (Thermostable DNA polymerase, dATP, dCTP, dGTP,
dTTP, reaction buffer with (NH4)2SO4, MgCl2 and
Triton X-100, stabilizers), 10 ml of PCR grade water
(Jena Bioscience GmbH), 2 ml of 20 pmol Microsatellite primer. Microsatellite primers were; (AGG)5,
(CAG)5, (GACA)4, and (AG)8C. Primers were
brought in from Sigma Scientiﬁc, (USA) AG GmbH.
Using a DNA thermal cycler (Techne TC-312,
Techne, Stone, UK) thermal cycling parameters
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were initial denaturation at 94  C for 4 minute, followed by 35 cycles consisting of denaturation at
94  C for 1 minute, annealing at 50  C for 1 minute,
and extension at 72  C for 2 minute, and ﬁnal
extension was achieved at 72  C for 7 minute. PCR
product was checked on an 1.5% agarose containing
0.05 mg ml1 ethidium bromide, using (5 ml of each
sample + 3 ml gel loading dye + 3 ml ultrapure water),
10 ml was loaded at each well, 5e6 ml of DNA marker
100 bp was run. Photographs were taken after 30
minute [3,13,37] (see Table 1).
2.7. Universally primed PCR (UP-PCR) conditions
Universally Primed-PCR (UP-PCR) was conducted in a 25-ml reaction volume. Three ml of DNA
template (1 ng quantiﬁed with a spectrophotometer)
was added to a 7 ml Master mix of thermostable
DNA polymerase, Jena Bioscience GmbH, Cat.No.PCR-101S. Taq Master/high yield contains all
reagents required for PCR (except template and
primer) in a premixed 5x concentrated ready-to-use
solution for PCR (Thermostable DNA polymerase,
dATP, dCTP, dGTP, dTTP, reaction buffer with
(NH4)2SO4, MgCl2 and Triton X-100, stabilizers),
13 ml of PCR grade water (Jena Bioscience GmbH),
2 ml of 20 pmol Universally Primed primer. The used
Universally Primed primers were; L21 (50 GGATCCGAGGGTGGCGGTTCT-30 ), and FOK-1
(50 -GGATGACCCACCTCCTAC-30 ). Primers were
brought in from Metabion International AG GmbH.
Using a DNA thermal cycler (Techne TC-312,
Techne, Stone, UK) thermal cycling parameters
were initial denaturation at 94  C for 4 min, followed
by 35 cycles consisting of denaturation at 94  C for 1
min, annealing at 50  C for 1 min, and extension at
72  C for 2 min. A ﬁnal extension at 72  C for 7 min
followed. PCR product was checked on an 1.5%
agarose containing 0.05 mg ml1 ethidium bromide,
using (5 ml of each sample + 3 ml gel loading
dye + 3 ml ultrapure water), 10 ml was loaded at each
well, 5e6 ml of DNA marker 100 bp was run. Photographs were taken after 30 minute [9,24].
2.8. Preparing an agarose gel for DNA separations
The measured amount of agarose was transferred
to a 300 ml Erlenmeyer-ﬂask. The larger ﬂask
Table 1. Primers used in Microsatellite-PCR ﬁngerprinting.
Primer

Primers Sequence (50 -30 )

(AG)8C
(AGG)5
(CAG)5
(GACA)4

50 -AG AG AG AG AG AG AG AG C-30
50 -AGG AGG AGG AGG AGG-30
50 -CAG CAG CAG CAG CAG-30
50 -GACA GACA GACA GACA-30
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insures against the agarose boiling over. A measured
quantity of electrophoresis buffer (TAE Buffer 1X)
was added. The Erlenmeyer-ﬂask. The solution was
heated in a microwave oven (1 min per 100 ml) the
cooking process was stopped before it boils over.
After dissolving, agarose was boiled for 10e15 sec.
Volume of melted agarose was adjusted with TAE
Buffer 1X to the right volume and then mixed well.
Agarose was put down to cool to 55e60  C. Ethidium
bromide was pipetted and swirl Erlenmeyer-ﬂask.
Gel tray was prepared with the comb(s) and water
levelled. Agarose solution was poured into the gel
tray after cooling (55e60  C). The electrophoresiscontainer was ﬁlled with the same buffer used for
the agarose gel (TAE Buffer 1X). The comb removed
carefully. A sufﬁcient amount of buffer was added to
the electrophoresis-container to cover the gel with a
thin layer of TAE Buffer 1X. Six ml of DNA marker
were loaded in the appropriate wells. At the end of
electrophoresis, the gel was carried to the dark-room
for examination and photography using short wave
U.V. transilluminator [20,26]. The band size was
determined using PyElph software [31].
2.9. Statistical analysis and software used in the
current investigation
Levels of genetic similarity between MP-PCR and
UP-PCR ﬁngerprints were calculated by using
Pearson product-moment correlation coefﬁcient.
The samples were clustered using the unweighted
pair group method of arithmetic average (UPGMA)

in FASTA form, which resulted in a Dendrogram by
website http://genomes.urv.es/UPGMA/ [27].

3. Results
3.1. Collection of Cladosporium isolates
A total number of 886 fungal colonies were collected
from 13 different studied sites, in Cairo at 5 distinct
geographical directions during all climate seasons
from June 2017 to May 2019, showing collection of 212
Cladosporium isolates of 10 different species with
isolation rate 23.9% as shown in Table (2).
In all sampling sites, a total 10 species of Cladosporium were identiﬁed, C. asterinae, C. uredinicola, C.
acaciicola, C. macrocarpum, C. herbarum (Persoon)
Link, C. nigrillum, C. oxysporum, C. cladosporioides
(Fresenius) De Vries, C. sphaerospermum Penzig, C.
chlamydosporis Matsushima. In the current work, the
most predominant species was Cladosporium herbarum (person) link, with 38 isolates represented by
17.9% of total collected isolates, followed by C. cladosporioides (Fresenius) de Vries (28 isolates) 13.2%
and C. oxysporum (27 isolates) 12.7%, followed by
followed by C. acaciicola and C. sphaerospermum that
were identiﬁed with rate 10.4% (22 isolate) for each,
while C. chlamydosporis Matsushima, C. nigrillum
and C. uredinicola were isolated in lowest isolates
rates 5.66%, 6.6% and 7.8% (12, 14 and 15 isolates)
respectively, at collection sites as represented in
Figures (1 and 2). Results of biochemical reaction of
different Cladosporium species are illustrated in
Table (3).

Table 2. Frequency of Cladosporium isolates at different geographical regions.
Region

City/
Town

Region
Code

Samples/
Site

Cladosporium
isolates

a

Rate of
isolation (%)

b

East

El Salam
El Nozha
Nasr City
Ain Shams

E1
E2
E3
E4
E
W1
W2
W3
W
N1
N2
N
S1
S2
S3
S
DT

42
54
61
35
192
37
69
54
160
77
95
172
37
84
36
157
205
886

15
12
9
13
49
18
12
13
43
8
17
25
15
27
9
51
44
212

35.71
22.22
14.75
37.14
25.52
48.65
17.39
24.07
26.88
10.39
17.89
14.53
40.54
32.14
25
32.48
21.46
23.9

7.075
5.66
4.245
6.132
23.11
8.491
5.66
6.132
20.28
3.774
8.019
11.79
7.075
12.74
4.245
24.06
20.75

Total
West

Total
North
Total
South

Total
DT
Total
a
b

Bolaq
Kasr El Nile
Zamalek
Matarya
Shobra
Maadi
Helwan
Dar Elsalam
Mokattam

%: percentage was correlated to the total fungal samples from each city.
%: percentage was correlated to the total Cladosporium isolates (212).

Rate of
isolation (%)
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Fig. 1. Collection of Cladosporium isolates from different geographical regions in Cairo.

Fig. 2. Cladosporium cladosporioides on PDA A: olivaceous-gray colonies, B: reverse olivaceous black colonies, C&D: under light microscope,
(Fresenius) de Vries. Micromorphology of conidiophores, showing acropetal conidial chains, ramoconidia, and conidia.
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Table 3. Biochemical reactions of different Cladosporium species.
Species
Biochemical reaction

Casein
Hydrolysis

Fatty Acid
Esterase

Gelatin
Hydrolysis

No.*

%

No.*

%

No.*

%

No.*

%

No.*

%

C.
C.
C.
C.
C.
C.
C.
C.
C.
C.

acaciicola
asterinae
chlamydosporis
cladosporioides
herbarum
macrocarpum
nigrillum
oxysporum
sphaerospermum
uredinicola

2
12
10
18
36
9
10
19
22
13

9.1
75
83.3
64.3
94.7
50
71.4
70.3
100
86.6

8
16
9
16
18
6
0
13
0
9

36.3
100
75
57.1
47.3
33.3
0
48.1
0
60

0
16
5
13
31
8
9
24
20
0

0
100
41.67
46.43
81.58
44.44
64.29
88.89
90.91
0

19
15
12
20
35
15
11
26
0
12

86.36
93.75
100
71.43
92.11
83.33
78.57
96.3
0
80

18
14
12
19
33
17
0
15
20
10

81.8
87.5
100
67.9
86.8
94.4
0
55.6
90.9
66.7

*

Number of positive reactions in each species.

4. Molecular characterization of Cladosporium
strains
Thirty Cladosporium strains selected on the basis of
biodiversity in which they selected from different
geographical and climate conditions, in addition
selected on the basis of biotechnological applications of antimicrobial, anticancer and biodegradation potentiality.
4.1. Microsatellite-primed PCR (MP-PCR)
genotyping
4.1.1. Genotyping using (AG)8C primer
All Cladosporium species used in this study were
typed by PCR ampliﬁcation with primer (AG)8C,
producing a ﬁngerprinting proﬁle. The genetic
similarity between Cladosporium strains calculated
using Pearson product-moment correlation coefﬁcient was ranged from 10 to 14 for inter-speciﬁc and
14e100% for intra-speciﬁc comparisons. The
application of UPGMA clustering produced 16
minor clusters within the population with a
branchedeoff at genetic similarity of GS ¼ 14, each
consisting of several subclusters. Primer (AG)8C
discriminated between Cladosporium species,
different molecular typing methods and different
primers provided varying levels of discrimination
between morphological group representatives.
Cluster analysis demonstrated that there was a
genetically distinct variation among Cladosporium
species, as observed in Figures (3 and 4).
4.2. Genotyping using (AGG)5 primer
The genetic similarity between Cladosporium
strains calculated using Pearson product-moment
correlation coefﬁcient was ranged from 18 to 38 for
inter-speciﬁc and 38e100% for intra-speciﬁc comparisons. The differentiation power of (AGG)5
primer proﬁling for identiﬁcation of Cladosporium

Tyrosine
Hydrolysis

Urease Activity

species isolates was relatively high as shown in as
shown in Figures (5 and 6). Based on the cluster
analysis of the genetic similarities using UPGMA
clustering, 12 clusters were deﬁned. The differentiation power of (AGG)5 primer proﬁling for identiﬁcation of Cladosporium spp. isolates was relatively
high.
4.3. Genotyping using (CAG)5 primer
The genetic similarity between Cladosporium strains
calculated using Pearson product-moment correlation coefﬁcient was ranged from 10 to 16% for interspeciﬁc and 16e100% for intra-speciﬁc comparisons.
It is noteworthy that this technique 6 to 13 yielded
isolate-speciﬁc patterns. Based on the cluster analysis
of the genetic similarities using UPGMA clustering,
three main clusters were deﬁned. The two Cladosporium herbarum isolates 14 and 16 share high genetic
similarity value (100%). The differentiation power of
(CAG)5 primer proﬁling for identiﬁcation of Cladosporium species isolates was relatively high. The differentiation power of (CAG)5 primer proﬁling for
identiﬁcation of Cladosporium species isolates was
relatively high, as represented in Figures (7 and 8).
4.4. Genotyping using (GACA)4 primer
The genetic similarity between Cladosporium
strains calculated using Pearson product-moment
correlation coefﬁcient was ranged 50e63% for interspeciﬁc and 63e88% for intra-speciﬁc comparisons.
It is noteworthy that this technique 6 to 13 yielded
isolate-speciﬁc patterns. Based on genetic similarity
values (GS), UPGMA cluster analysis was conducted to graphically display grouping between isolates
and species. The clustering resulted in a single tree
with no ambiguity (ties) detected in the course of
linking closest pairs of isolates as observed in Figures (9) and (10).
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Fig. 3. Microsatellite primed PCR using (AG) 8C primer.

Fig. 4. The dendrogram of Cladosporium isolates was constructed after cluster analysis of (AG)8C-PCR ﬁngerprints with the unweighted pair group
method with arithmetic averages (UPGMA).
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Fig. 5. Microsatellite primed PCR obtained with (AGG)5 primer.

5. Molecular characterization and molecular
diversity of Cladosporium strains using
universal primed PCR (UP-PCR) technique
5.1. Genotyping using L21 primer
The dendrogram revealed two main well-separated clusters, each one corresponding to a different
species. The genetic similarity between Cladosporium species isolates, similarities oscillated between

42% and 71% for inter-speciﬁc and 71%to 100 %for
intra0speciﬁc comparisons. UP-PCR markers
detected a very high level of polymorphism between
and among Cladosporium strainsas shown in Figures
(11) and (12).
5.2. Genotyping using Fok1 primer
The obtained dendrogram depicts that all isolates
were separated from each other into two distinct

Fig. 6. The dendrogram of Cladosporium isolates was constructed after cluster analysis of (AGG)5 PCR ﬁngerprints using UPGMA.
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Fig. 7. Microsatellite primed PCR obtained with (CAG)5 primer.

groups. The genetic similarity was more than 55%
between Cladosporium species isolates ranged from 60
to 73% for inter-speciﬁc and 73e100% for intra-speciﬁc comparisons as shown in Figures (13) and (14).

6. Discussion
There has been increasing interest in the
application of polymerase chain reaction (PCR)
technology for identiﬁcation of pathogenic fungi.

Such approaches offer the advantage of decreasing
the need for lengthy culturing and difﬁcult morphological identiﬁcation procedures [2]. DNA-based
methods provide applied markers for molecular
ﬁngerprinting of a range of species of fungi. These
methods are commonly used as tools in fungal taxonomy, allowing the discrimination of isolates from
genus to strain levels [36]. PCR-based genomic
ﬁngerprinting is a good alternative to methods that
rely on speciﬁcally targeted primers. These

Fig. 8. The dendrogram of Cladosporium isolates was constructed after cluster analysis of (CAG)5-PCR ﬁngerprints with UPGMA.
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Fig. 9. Microsatellite primed PCR obtained with (GACA)4 primer.

Fig. 10. The dendrogram of Cladosporium isolates was constructed after cluster analysis of the digitized (GACA)4-PCR ﬁngerprints by UPGMA.

techniques, which analyse the whole genome, have
been shown to be relatively robust and discriminatory [30]. There has been increasing interest in the
application of polymerase chain reaction (PCR)

technology for identiﬁcation of pathogenic fungi.
Such methods offer the advantage of reducing or
eliminating the need for lengthy culturing and difﬁcult morphological identiﬁcation procedures.
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Fig. 11. Molecular diversity of Cladosporium species using L21 primer.

Microsatellites (tandem repeats of 1e5 base pairs)
and minisatellites (tandem repeats of a basic motif
10e60 bp long) are ubiquitous components of
eukaryotic genomes. Typing methods referred to as

MP-PCR (microsatellite-primed polymerase chain
reaction) and rep-PCR (repetitive-sequence based
polymerase chain reaction) were used to distinguish
between fungal species [3]. In the present study, All

Fig. 12. The dendrogram of Cladosporium isolates was constructed after cluster analysis of L21-PCR marker by UPGMA.
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Fig. 13. Molecular characterization of Cladosporium using Fok1 primer.

Cladosporium species used in this study were typed by
PCR ampliﬁcation with primer (AG)8C, producing a
ﬁngerprinting proﬁle, the genetic similarity between
Cladosporium strains calculated using Pearson product-moment correlation coefﬁcient was ranged from

10 to 14% for inter-speciﬁc and 14e100% for intraspeciﬁc comparisons. The application of UPGMA
clustering produced 16 minor clusters within the
population with a branchedeoff at genetic similarity
of GS 14%, each consisting of several subclusters.

Fig. 14. The dendrogram of Cladosporium isolates was constructed after cluster analysis of Fok1-PCR marker by UPGMA.
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Primer (AG)8C discriminated between Cladosporium
species, different molecular typing methods and
different primers provided varying levels of
discrimination between morphological group representatives. The genetic similarity between Cladosporium strains by MP-PCR method using (AGG)5
primer was ranged from 18 to 38% for inter-speciﬁc
and 38e100% for intra-speciﬁc comparisons. The
differentiation power of (AGG)5 primer proﬁling for
identiﬁcation of Cladosporium species isolates was
relatively high. The genetic similarity between Cladosporium strains by MP-PCR method using (CAG)5
primer was ranged from 10 to 16% for inter-speciﬁc
and 16e100% for intra-speciﬁc comparisons. It is
noteworthy that this technique 6 to 13 yielded isolatespeciﬁc patterns. Based on the cluster analysis of the
genetic similarities using UPGMA clustering, three
main clusters were deﬁned. The differentiation
power of (CAG)5 primer proﬁling for identiﬁcation of
Cladosporium species isolates was relatively high. The
genetic similarity between Cladosporium strains by
MP-PCR method using (CAGA)4 was ranged 50e63%
for inter-speciﬁc and 63e88% for intra-speciﬁc comparisons. It is noteworthy that this technique 6 to 13
yielded isolate-speciﬁc patterns. Our results were
comparable with [38] study, who found that the
primers developed based on the sequence of a microsatellite region ampliﬁed by the primer M13 were
100 times more sensitive than the primers developed
based on the single-copy b-tubulin gene. In addition,
found that the microsatellite primer M13 was able to
amplify unique intensive bands from most tested
phytopathogenic fungal species, including Alternaria
spp., Botryisphaeria dothidea, Botrytis cinerea, Fusarium
spp., Monilinia spp., Penicillium spp. and Rhizoctonia
solani. Likewise, [16]; study who reported that speciﬁc
pair of primers was designed based on the sequence
of DNA fragment (740 bp) ampliﬁed by a microsatellite primer M13 from Fusarium graminearum complex isolates. This pair of primers was able to amplify
a 380 bp fragment from all Fusarium graminearum
complex isolates but not from any other tested fungal
species. This sensitive and quantitative detection
assay could be useful in epidemiological studies and
assessment of mycotoxin contamination in wheat
seeds.
In addition, Molecular variation using Universal
Primed PCR (UP-PCR) obtained by L21 primer
revealed two main well-separated clusters, each one
corresponding to a different species. The genetic
similarity between Cladosporium strains, similarities
oscillated between 42% and 71% for inter-speciﬁc
and 71%to 100 %for intra0speciﬁc comparisons. UP-
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PCR markers detected a very high level of polymorphism between and among Cladosporium
strains. The obtained dendrogram depicts that all
isolates were separated from each other into two
distinct groups. The genetic similarity by UP-PCR
using Fok1 primer was more than 55% between
Cladosporium species isolates ranged from 26 to 53%
for inter-speciﬁc and 53e100% for intra-speciﬁc
comparisons. Our observations were comparable
with that of [28], who reported 3 main clusters by 76
Trichoderma spp. Consequently, a reliable phylogenetic tree was constructed containing isolates
belonging to the T. harzianum clade (comprising T.
aureoviride, T. inhamatum, and T. virens), the T. longibrachiatum and T. saturnisporum cluster, and that
including the species T. asperellum, T. atroviride, T.
koningii and T. viride. In the same context, [7];
concluded that there is another possible direction
for development of gene-speciﬁc diagnostics should
be noted. When working out diagnostics of Candida
albicans on the basis of multiplex gene-speciﬁc PCR,
we showed that speciﬁc primers directed to speciesconservative fragments of UP-PCR patterns can be
used for identiﬁcation. In addition [10,14]; reported
that universally primed PCR (UP-PCR), another
technique very similar to RAPD has considerably
higher reproducibility than RAPD and has been
used to discriminate isolates of L. lecanii and Fusicladium effusum. This allows grouping of strains into
hybridization groups which can be used to separate
the strains into genetic entities with high genetic
similarity. Moreover, based on similarity values,
UP-PCR is a PCR characterization method similar to
the RAPD method in that it is possible to amplify
DNA from any organism without previous knowledge of DNA sequences and to generate multibanding proﬁles following gel electrophoresis [8].
UP-PCR markers have been used in studies on the
genetic variation within fungi [25], and plants [9].
The main differences between RAPD and UP-PCR
are that in the latter, longer (16 x'bp) semi-random
primers of unique design and high temperatures of
annealing temperatures (about 55  C) are used.
Furthermore these results was much comparable
with that reported by Refs. [12,39] who reported that
nonspeciﬁc primers reveal variability of some isolates, the corresponding PCR technique can be used
to ﬁngerprint isolates. Cluster analysis demonstrated that there was a genetically distinct variation
among Cladosporium species. These data conﬁrmed
the hyper variability of the PCR-based markers,
however, this difference is not suitable for revealing
taxonomic correlation for dematiaceous species, but
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Cladosporium strains due to its simplicity and good
reproducibility. Intensive application of molecular
genetic methods to studies on Cladosporium will
provide a better understanding of mechanisms
responsible for genetic information exchange in
Cladosporium populations, life cycles, and their
microevolution.

instead it is an important tool for the identiﬁcation
of these fungi.

7. Conclusion
The current work indicates that the MP-PCR and
UP-PCR ﬁngerprinting method are appropriate for
the characterization of large groups of

ﺍﻟﺘﻮﺻﻴﻒ ﺍﻟﺠﺰﻳﺌﻲ ﻭﺍﻟﺘﻨﻮﻉ ﺍﻟﺠﻴﻨﻲ ﻟﺴﻼﻻﺕ ﺍﻟﻜﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﺍﻟﻤﻌﺰﻭﻟﻪ ﻣﻦ ﺍﻟﻬﻮﺍﺀ ﻓﻲ ﺍﻟﻘﺎﻫﺮﻩ ,ﻣﺼﺮ ﻭﺫﻟﻚ ﺑﺈﺳﺘﺨﺪﺍﻡ ﺗﻘﻨﻴﺎﺕ ﻃﺮﻳﻘﺔ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﻩ
ﺍﻟﻤﺘﺴﻠﺴﻞ ﺍﻟﻮﺣﺪﺍﺕ ﺍﻟﺼﻐﺮﻱ ) (MP-PCRﻭ )(UP-PCR
ﻡ.ﻡ .ﻣﺤﻤﺪ ﺻﻼﺡ ﻭ ﺃ.ﺩ .ﺣﻤﻴﺪﻭ ﻣﺤﻤﺪ ﺣﻔﻨﻲ ﻭ ﺃ.ﺩ .ﻣﺼﻴﻠﺤﻲ ﺻﻼﺡ ﻣﻨﺴﻲ ﻭ ﺃ.ﺩ .ﺃﻣﻞ ﺃﺣﻤﺪ ﺇﺑﺮﺍﻫﻴﻢ ﻣﻜﺎﻭﻱ*
ﻗﺴﻢ ﺍﻟﻤﻴﻜﺮﻭﺑﻴﻮﻟﻮﺟﻲ ﻭﺍﻟﻤﻨﺎﻋﻪ -ﻛﻠﻴﺔ ﺍﻟﺼﻴﺪﻟﻪ  eﺟﺎﻣﻌﺔ ﺍﻷﺯﻫﺮ
ﺍﻟﻤﺮﻛﺰ ﺍﻹﻗﻴﻠﻤﻲ ﻟﻠﻔﻄﺮﻳﺎﺕ ﻭﺍﻟﺘﻘﻨﻴﻪ ﺍﻟﺤﻴﻮﻳﻪ -ﺟﺎﻣﻌﺔ ﺍﻷﺯﻫﺮ*
ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﻫﻮ ﻭﺍﺣﺪ ﻣﻦ ﺃﻛﺒﺮ ﺃﺟﻨﺎﺱ ﺍﻟﻔﻄﺮﻳﺎﺕ ﻭ ﺃﻛﺜﺮ ﺃﻧﻮﺍﻋﻪ ﺍﻧﺘﺸﺎ ًﺭﺍ .ﻭﺫﻟﻚ ﺑﺴﺒﺐ ﺇﻧﺘﺎﺝ ﺃﺑﻮﺍﻍ ﻣﺘﻔﺮﻋﺔ ﻭﻭﻓﻴﺮﺓ ﻭ ﺃﻳﻀﺎ ﺑﺴﺒﺐ ﺍﻟﻘﺪﺭﺓ ﻋﻠﻰ ﺍﻟﻨﻤﻮ
ﻋﻠﻰ ﺃﻗﻞ ﺍﻟﻤﻌﻄﻴﺎﺕ ﺍﻟﻐﺬﺍﺋﻴﻪ ﺗﺴﺘﻄﻴﻊ ﻓﻲ ﺃﻱ ﻣﻜﺎﻥ ﻓﻲ ﺍﻟﻌﺎﻟﻢ ﺗﻘﺮﻳًﺒﺎ ,ﻭﻣﻦ ﺍﺷﻬﺮ ﺍﻟﺴﻼﻻﺕ C. herbarum, sphaerospermum, C. cladosporioides
ﻭ  .C. elatumﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ,ﺗﻢ ﻋﺰﻝ ﻋﻴﻨﺎﺕ ﺍﻟﻔﻄﺮﻳﺎﺕ ﻣﻦ ﻣﻨﺎﻃﻖ ﻣﺨﺘﻠﻔﻪ ﻭﻇﺮﻭﻑ ﻣﻨﺎﺧﻴﺮ ﻣﺘﺒﺎﻳﻨﻪ ﻣﻦ ﺍﻟﻘﺎﻫﺮﻩ ,ﻭﺧﻀﻌﺖ ﻫﺬﻩ ﺍﻟﻌﻴﻨﺎﺕ ﻟﻠﻌﺰﻝ ﻭﺍﻟﺘﻨﻘﻴﻪ
ﻭﺍﻟﺘﻌﺮﻑ ﻋﻠﻲ ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﻟﻮﺳﺎﺋﻞ ﺍﻟﻈﺎﻫﺮﻳﺔ ﻭﺍﻟﻤﺠﻬﺮﻳﻪ ﻭﺃﻳﻀﺎ ﺍﻋﺘﻤﺎﺩﺍ ﻋﻠﻲ ﻧﺘﺎﺋﺞ ﺍﻟﺘﻔﺎﻋﻼﺕ ﺍﻟﻜﻴﻤﻴﺎﺋﻴﻪ ,ﻭﺗﻢ ﺗﺄﻛﻴﺪ ﺗﻌﺮﻳﻒ ﺍﻟﻔﻄﺮﻳﺎﺕ ﻓﻲ
ﺍﻟﻤﺮﻛﺰ ﺍﻹﻗﻠﻴﻤﻲ ﻟﻠﻔﻄﺮﻳﺎﺕ ﻭﺍﻟﺘﻘﻨﻴﻪ ﺍﻟﺤﻴﻮﻳﻪ ﺑﺠﺎﻣﻬﺔ ﺍﻷﺯﻫﺮ .ﺗﻬﺪﻑ ﺍﻟﺪﺭﺍﺳﻪ ﺍﻟﺤﺎﻟﻴﻪ ﻟﺒﺤﺚ ﺍﻟﺘﻨﻮﻉ ﺍﻟﺒﻮﻟﻮﺟﻲ ﻭﺍﻟﺠﺰﻳﺌﻲ ﺑﻴﻦ ﺳﻼﻻﺕ ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﻭﺫﻟﻚ
ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻘﻨﻴﻪ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﻩ ﺍﻟﻤﺘﺴﻠﺴﻠﺐ MP-PCRﺑﺈﺳﺘﺨﺪﺍﻡ ﺍﻟﺒﺎﺩﺋﺎﺕ ﺍﻟﻤﻴﻜﺮﻭﺑﻴﻪ ) . AGG)5, (CAG)5, (GACA)4, (AG)8Cﺍﻟﺴﻮﺍﺗﻞ ﺍﻟﻤﻴﻜﺮﻭﺑﻴﻪ
ﺍﻟﺼﻐﻴﺮﺓ ﻫﻲ ﻣﻜﻮﻧﺎﺕ ﻣﻮﺟﻮﺩﺓ ﻓﻲ ﻛﻞ ﻣﻜﺎﻥ ﻣﻦ ﺟﻴﻨﻮﻣﺎﺕ ﺍﻟﻨﻮﺍﺓ  .ﺗﻬﺪﻑ ﺍﻟﺒﺤﺚ ﺍﻟﺤﺎﻟﻲ ﺍﻟﻲ ﺩﺭﺍﺳﺔ ﺍﻟﺘﺒﺎﻳﻦ ﺍﻟﺠﺰﻳﺌﻲ  ،ﻭﺍﻟﺘﺸﺎﺑﻬﺎﺕ ﺍﻟﺠﻴﻨﻴﺔ ﺩﺍﺧﻞ ﻭﺑﻴﻦ ﺗﺠﻤﻌﺎﺕ
ﺳﻼﻻﺕ ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﺍﻋﺘﻤﺎ ًﺩﺍ ﺗﻘﻨﻴﺔ ﺗﻔﺎﻋﻞ ﺳﻠﺴﻠﺔ ﺍﻟﺒﻠﻤﺮﺓ ﺑﺎﺳﺘﺨﺪﺍﻡ  .MP-PCRﻭ ﺗﻢ ﺗﺤﻠﻴﻞ ﺍﻟﻌﻼﻗﺎﺕ ﺩﺍﺧﻞ ﺍﻟﻨﻮﻋﻴﺔ ﻭﺩﺍﺧﻞ ﺍﻷﻧﻮﺍﻉ ﻓﻲ ﺍﻟﻔﻄﺮﻳﺎﺕ
ﺍﻟﻤﺨﺘﻠﻔﺔ ﻋﻦ ﻃﺮﻳﻖ ﺍﻟﺘﻜﺮﺍﺭﺍﺕ ﺍﻟﺠﺰﻳﺌﻴﻪ ﻟﻠﺤﻤﺾ ﺍﻟﻨﻮﻭﻱ .ﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ُﺗﻈﻬﺮ ﺗﺠﺎﺭﺏ  MP-PCRﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﻟﺴﻮﺍﺗﻞ ﺍﻟﻤﻴﻜﺮﻭﻳﺔ ) AGG)5ﻭ )، AG)8C
ﻫﻲ ﺃﺩﻭﺍﺕ ﻓﻌﺎﻟﻪ ﺗﻘﻨًﻴﺎ ﻟﻘﻴﺎﺱ ﺍﻟﺘﻐﻴﺮﺍﺕ ﺍﻟﺠﻴﻨﻴﺔ ﻓﻲ ﺳﻼﻻﺕ ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ . .ﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ,ﺗﻢ ﻋﺰﻝ ﻋﻴﻨﺎﺕ ﺍﻟﻔﻄﺮﻳﺎﺕ ﻣﻦ ﻣﻨﺎﻃﻖ ﻣﺨﺘﻠﻔﻪ ﻭﻇﺮﻭﻑ
ﻣﻨﺎﺧﻴﺮ ﻣﺘﺒﺎﻳﻨﻪ ﻣﻦ ﺍﻟﻘﺎﻫﺮﻩ ,ﻭﺧﻀﻌﺖ ﻫﺬﻩ ﺍﻟﻌﻴﻨﺎﺕ ﻟﻠﻌﺰﻝ ﻭﺍﻟﺘﻨﻘﻴﻪ ﻭﺍﻟﺘﻌﺮﻑ ﻋﻠﻲ ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﻟﻮﺳﺎﺋﻞ ﺍﻟﻈﺎﻫﺮﻳﺔ ﻭﺍﻟﻤﺠﻬﺮﻳﻪ ﻭﺃﻳﻀﺎ ﺍﻋﺘﻤﺎﺩﺍ
ﻋﻠﻲ ﻧﺘﺎﺋﺞ ﺍﻟﺘﻔﺎﻋﻼﺕ ﺍﻟﻜﻴﻤﻴﺎﺋﻴﻪ ,ﻭﺗﻢ ﺗﺄﻛﻴﺪ ﺗﻌﺮﻳﻒ ﺍﻟﻔﻄﺮﻳﺎﺕ ﻓﻲ ﺍﻟﻤﺮﻛﺰ ﺍﻹﻗﻠﻴﻤﻲ ﻟﻠﻔﻄﺮﻳﺎﺕ ﻭﺍﻟﺘﻘﻨﻴﻪ ﺍﻟﺤﻴﻮﻳﻪ ﺑﺠﺎﻣﻬﺔ ﺍﻷﺯﻫﺮ .ﺗﻬﺪﻑ ﺍﻟﺪﺭﺍﺳﻪ ﺍﻟﺤﺎﻟﻴﻪ ﻟﺒﺤﺚ
ﺍﻟﺘﻨﻮﻉ ﺍﻟﺒﻮﻟﻮﺟﻲ ﻭﺍﻟﺠﺰﻳﺌﻲ ﺑﻴﻦ ﺳﻼﻻﺕ ﻓﻄﺮ ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﻭﺫﻟﻚ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻘﻨﻴﻪ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﻩ ﺍﻟﻤﺘﺴﻠﺴﻠﺐ UP-PCRﺑﺈﺳﺘﺨﺪﺍﻡ ﺑﺎﺩﺉ  L21ﻭ  ,Fok1ﺗﻢ
ﺍﻻﻋﺘﻤﺎﺩ ﻋﻠﻲ ﻧﻈﺎﻡ  UPGMAﻟﻤﻌﺮﻓﺔ ﻣﺪﻱ ﺍﻟﺘﺸﺎﺑﻪ ﻭ ﺍﻹﺧﺘﻼﻑ ﺑﻴﻦ ﺍﻟﺴﻼﻻﺕ  .ﺍﺳﻔﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ .ﺍﺳﻔﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﻋﻦ ﻭﺟﻮﺩ ﺗﺸﺎﺑﻪ ﺑﻴﻦ ﺳﻼﻻﺕ ﻓﻄﺮ
ﻛﻼﺩﻭﺳﺒﻮﺭﻳﻮﻡ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺑﺎﺩﺀﺍﺕ  L21ﺑﻨﺴﺒﺔ  %71-42ﺑﻴﻨﻤﺎ ﻛﺎﻧﺖ ﺍﻟﻨﺴﺒﻪ 73 -60 %ﺑﺎﺳﺘﺨﺪﺍﻡ ﺑﺎﺩﺀﺍﺕ  Fok1ﻛﻤﺎ ﻳﺸﻴﺮ ﺍﻟﻌﻤﻞ ﺍﻟﺤﺎﻟﻲ ﺇﻟﻰ ﺃﻥ ﻃﺮﻳﻘﺔ MP-
.ﻧﻈ ًﺮﺍ ﻟﺒﺴﺎﻃﺘﻬﺎ ﻭﻛﻔﺎﺋﺘﻬﺎ  Cladosporiumﻣﻨﺎﺳﺒﺔ ﻟﺘﻮﺻﻴﻒ ﻣﺠﻤﻮﻋﺎﺕ ﻛﺒﻴﺮﺓ ﻣﻦ ﺳﻼﻻﺕ  UP-PCRﻭ PCR
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